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(57) Abstract 

Protease derived from a novel alkalophilic Bacillus species exhibits a remarkablv enhanced stability towards bleach 
ing agents of the peroxy type and is useful in detergents. 
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Alkaline protease derived from Bacillus production 
and use thereof 

The present invention is directed to a novel 
alkaline protease preparation having enhanced oxidation 
stability, to a method for the preparation thereof, and tc 
5 its use as an additive for cleaning agents. Typical cleanmc 
agents are aetergent compositions for laundering. 



BACKGROUND OF THE INVENTION 



Proteolytic enzymes produced by cultivation of 
members of the genus Bacillus m suitable nutrient media are 
0 widely used in detergent compositions. Examples of such 
commercial protease products are ALCALASE , ESPERASE and 
SAVINASE (these are registered trade marks), all supplied bv 
NOVO Industri A/S, Denmark. These exhibit adequate storace ' 
stability in the presence of the usual components of 
detergent compositions, such as sequestering aaents, 
surfactants and even bleaching agents of the peroxy type, 
provided that they are suitably protected from their physical 
environment m the detergent composition, for example bv 
their incorporation into suitably coated particles. 

However, in the laundering process where the 
solubilized enzyme is exposed to the same agents in solution, 
stability may become critical in the sense that the enzyme i« 
prone to destruction prior to the completion of its intended 
stain-removing action, particularly at elevated temperature* 
in the presence of bleaching agents of the peroxy type, such 
as percarbonate, perborate, and persulfate salts. Since all 
Bacillus -derived proteases known m the art exhibit an 
appreciable instability at laundering temperatures exceedinc 
50°C in the presence of a peroxy compound it is often 
recommended to prolong the washing programme by including a 
holding time at lower temperature when detergent protease 
compositions are used. 
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Attempts to enhance the stability of Bacilli 
graved serine protease, towards ox.daeang agen7s^7Tp ply lnc 
the techn: que of site specific mutation to the 
genes xs known in the art, e.g. from European Patent 
5 Publication No. 0 130 756 which discloses stabilized 

subtilises by substituting the methane residue next to 
the active -site-serine residue with ammo acid residues which 
=re less prone to oxidation. However, the obstaclec 
associated with the adaption of recombinant DNA stratec.es to 
10 large scale manufacturing processes are well-Known, the most 
frequent ones being instability of the encineered 
nucroorganism through loss of genetic material and lower 
yaelas compared with those obtained from the wild strain or ' 
its conventional mutants. 

15 AS f£r eS the inventors hereof are aware the prior 

art ls slJ ent about non-engineered Bacillus derived serine 
proteases exhibit r,g an enhanced stability towards oxidation 
as compared with commercial Bacillus proteases. 
' 20 ^ ° b -' eCt ° f present invention is to overcome 

the above-mentioned instability problems encountered with the 
Bacillus -cerivec alkaline protease preparations known 
heretofore. According to the invention this object has been 
met m that it has surprisingly been found that a number of 
Bacillus strains belonging to what is presently defined as 
25 the same novel species produce alkaline protease which 

exhibits a remarkably enhanced stability towards bleachina 
-gents of the peroxy type conventionally used for laundering 

Normally, the alkaline protease produced by the 
novel Bacilli species of this invention will contain three 
30 main constituent, mutually distinguishable alkaline protease* 
(herein designated A, B and C) often in proportions, measured 
xn protease activity units, of roughly one third of each 
However, variant strains may lack the capability of producing 
at least one of these constituent proteases. Fortuitously, 
35 -"three constituent proteases show similar detergency and 
stability characteristics. 
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SUMMARY OF THE INVENTION 

Thus, according to its first aspect the present 
invention provides a protease preparation comprasinc alkaline 
protease derived from a novel alkalophilic Bacillus species 
5 defined by the strains NCIB 1228S and NCIB 1228S which 
alkaline protease retains a residual activity measured m 
Casein Protease Units (CPU, vi_de infra ) after 30 minutes at 
PH 9.5 in a solution of 1.75 g/i of sodium tripolyphospate 
(STPP), l.o g/1 cf sodium perborate and 0.1 g/1 of 
10 tetraacetyi ethyl enediamine (TAED) of at least 80% and 60% at 
temperatures of 40°C and 50<C, respectively, of the residual 
activity at 25°C in the absence of sodium perborate and TAED. 

Another aspect of the present invention provides a 
protease preparation comprising at least 10% by activity in 
15 CPU of a constituent protease A which is immunochemd cally 
identical to the protease identified by the position of peak 
A in fig. .] of the accompanying drawings and has the 
following additional characteristics: a. molecular weight of 
about 41.5 kD, an isoelectric point of about 9.3, a specific 
20 activity oi at least 150 Anson Una ts and 250 Hemoglobin 

Protease Units ( AU and HPU, respectively, vide infra ) per gm 
of protein, and a residual activity measured in CPU after 30 
minutes at P H 9 . 5 in a solution oi sodium ^polyphosphate 
(STPF, 1.7b g/1), sodium perborate (1.0 g/1), and 
25 tetraacetyiethyienediamine (TAED, 0.1 g/1) of at least 80% 
and 60% of temperatures cf 40°C and 50°C, respectively, of 
the residual activity at 25'C m the absence of sodium 
perborate and TAED. 

In a preferred embodiment the protease preparation 
30 is essentially devoid of proteases B and C, identified by 

peak B of fig. 1 and by peak C of fig. 1 and 2, respectively. 

3n yet another preferred embodiment of the 
invention the balance of the protease activity is provided 
jointly by said proteases B and C or singly by either of 
35 them. Immunochemi ca lly , proteases E and C are identical to 
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-ch other and dif^rent frQm 

nave Secular weights of ib J 28 " *T"" E Md C 

-oelectr.c points of about e.8 ^ anC ' 

T , na 5 -^' respectively 

10 preparation, „ hich process P««"«^9 a protease 

strain of the novel Bacillu, ^"'^"^ by c U l tlvatinc a 

nitrogen, an, phosphorus, preferably " "* 

15 the protease preparation £ „ L L " ^ """^ "* 

Tn ^ fermentation broth 

Preparat.on ^IZll^T^ °' 

- ^ species 6 :;::: i;: d :;;:: r s ^ ° f 

. so as to essentially block it . ' " tr " n ' iS mUt3tec 

- or two of the con stltU ent p^e ^ — one 

capability of producing the rerr-LJ staining it , 

proteases. renaming constituent protease or 

In another Drpferr=^ _ - 
Preparation the fe rme nta Ion Pr ° dUCln? the 

•■5 strain selected frorl t h T «" d - t ed with a Bacillus 

-waning .^1^ - t ^"— — - Provided a 
le "t 0.1 AO. .ore preferred fa n PrSfer ^ " 

0 protease prepare^ of ™ ^ ^ " ° f 

agent. The cleaning agent P " ^ ? ° f Cl "° in « 

the p^tease P«pJatL ^ p^.^rT " * 
incorporation into granges L s " """ Ple * 

hydrophobic medium. "* * ™"P«>«i™ in a 



WO 88/01293 

i PCT/DK87/00101 
atii&r ur-bCRIPTJON OF THE DRAWI NGS 

Fig. 1 shows the elutaon chromatogram of the 
protease preparation derived from NCIB 12289 on a CM 
Sepharcse® CL 6B column, subsequent to gel filtration on 
5 Sephadex^ G 25. 

Fig. 2 shows affinity chromatogr aphy of protease C 
on a bacitracin column. 

Figs. 3 and 4 are exemplary of the pH-activity and 
temperature-activity curves, respectively, of the protease 
10 preparation of this invention, all protease components 
exhibiting similar temperature- and pH-activity 
characteristics. 

Figs. 5 and 6 illustrate the results of comparative 
washing experiments conducted with the protease preparation 
15 of this invention and ALCALASE using two different 

detergents. Experimental conditions are given in Example 5 
hereinafter . 

Fig. 7 illustrates the results of washing 
experiments conducted with each of the "constituent "proteases . 



20 DETAILED DESCRIPTION OF THE INVENTION 



The microorga nism, taxonomy, morphology, biochemica] 
reactions 

The microorganism : 

The microorganisms productive of the alkaline 
25 protease of the present invention were isolated essentially 
by the method for the selection of alkalophilic Bacilli 
described m British Patent. No. 1,243,784. They will not grow 
on ordinary media for Bacillus strains unless these are 
supplemented by either 0.1 M carbonate buffer, pH 9.0 - 9.7 
30 or a 7 - 10% (w/v) solution of NaCl, the 0.1 M carbonate 

buffer, pH 9.0 being the preferred supplement. Two cultures 
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have been deposited with The National Collection o f 
Inuustnal Bacteria , N CIE), Terry Search 
United Kin g do m for th . purpo ,., L t 

date indicated below NCIE hein! "° °" th « 

permanence of the deenc-it 

Dnhll deposit =nd accessibility thereto by the 

ri;: ::::rr ce with suies 9 - — 



8 July 1986 C60c 12288 

5 August 1987 r , ' 12289 

* . 10 12512 
5 august 1987 rci , 

C611 12513 



Taxon 



onyy : 



: Medium TY was uc e d for r- v ™ 

, tVl . , "~eu ror texonomic investiqation<= 

it i z::r ucted accord ^ - the ~ - — 

U.s?o: fc . ^aT* ' A *— ltU » »-»*ooK no. 4,7, 

Composition of medium TY : 



20 Trypticase 

Yeast extract 



20 g 

s g 



1 mc 

Mgso 4 .7 H ~o 15 g ' 

2.5 distilled H 2 0 to 1000 ml 

pH adjusted to 7 3 with vnu u^-c 

12i° c . ^ autoclav ^ 15 min at 



BNSDOCID: <WO 8801293A1 



WO 88/01293 

PCT/DK87/0010] 

7 

Liquid medaa for the determmataon of the 

loT^Tb T tTOm C£rb0hyd - teS -PPl-ente, with 

10% NaCi before autoclaving. 

Solid media were supplemented with 2% acar before 
5 autoclaving and sterile carbonate buffer P H 9.0 wlc 

aseptically added to a final concentration of 0.1 M just 
oefore pouring the slants. 

The microorganisms of this invention are aerobic 
spore forming bacteria belonging to the oenus Bacillus 

n ft ^rphology: Vegetative rods with a dla^Tof 0.6 

- 0.8 micron, length 1.2-3 micron. 

Spores: Central to subterminal, oval, not swellmc 
the sporangia. 



Biochemical re actions: NrTn -,-,-, 00 
■ NCIB 12288 NCIE 12285 

15 Production of catalase 

Proauction of acetoin (VP-test) 
Production of indole 
Anaerobic growth 
Growth at 50°C 
20 Growth in 7% NaCl 
Growth at pH 5 . 7 
Hydrolysis of starch 
Hydrolysis of hippurate 
Hydrolysis of casein 
25 Hydrolysis of tyrosine 4 
Deamination of phenylalanine 
Reduction of nitrate to nitrite 
Acid from glucose 

4 -f 

Acid from sucrose 

30 Acid from xylose 

Acid from mannitol , , 

(+) (+) 

None of the strains NCIE 12288 and NCIB 1228c 
produced acid from arabinose, mannose, melibiose, raffi no <=e 
or sorbitol. " ' 
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Optimal growth conditlon£ _ 

5 *«"»*»ic aata lor strains NCIB : t ° ° Vel ^^^^ «p«*«. 

to the 8bo „ £ , lndics n V ;; in ; CIB «e ver y 

to the same species. " ° Ur strs ins belong 

OPA -Casein m ethnn 

the amount of ,,.^^'7 °"« '«») ^ defined £S 

(determined by comparison w ^ . ° f 

minute under standarc condition- " = se "ne standard) per 
• 15 minutes at 25°c and pE 9.5-. " lncubation for 3c 

-ppXied by^llTc S T'° n ° f 

"-versa, B uff „ d ^ ^V™' " — wlth th . 
'^urn.Chem.Soc. I931 , p ^5' ^ 
20 Two , P- x451 '. acjusted to pH 9.5 

w.t„ bath ,o r m ^ o mi i: t b ;: r ; t te 2 :: c iut ;°v is 

containing b g/ra i of e ' J ml of e «y"e solution 

about 0.2 - 0 3 CPU / ml T P"P=«'"n. corresponding to 
is added. „ t „ 30 m " rittD - lCbi ° S ™ bu «- (PH 9.5,. 

» i. terminated bVt^ I^n ^ ^ »'"*° 

solution containing tMOW ^"'T < 5 ml ° f « 

acetate (29.9 g), and . cet . aCld (17 - 9 9).. sodium 

"1 »ith deionized water) Tbl-^ <J9 ' 8 9 >' " lled U P to 500 
-anner as the test .option " P"P*red in the sazne 

30 ^ added prror to , he ^ ^ 

th. water ZC^Z^^^^T 7 " ^ " 
^ paper filters. altered through Whatman® 
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Frimar y ^™ groups are determined by their colour 
development with p-phthaldial dehyde (OPA). 

Disodium tetraborate aecahydrate (7.62 c) and 
sodium dodecylsulfa.e (2.0 g) xs dissolved in 15 0 "mi o* 
5 water. OPA (160 mg ) dissolved in 4 ml of methanol i« then 
adoed together with 400 ul of bet a-mercaptoethanol 
whereafter the solution xs made up to 200 ml with water. 

To the OPA reagent (3 ml) ls added 400 ul of the 
above-mentioned filtrates with mixing. The optical den«itv 
10. (OD) at 340 nm is measured after about 5 minutes. 

The OPA test is also performed with a serine 
stancard contaxnxng 10 mg of serxne xn 100 ml of Brxtton- 
Robxnson buffer ( P H 9.5). The buffer xs used as a blank. 

The protease activity is calculated from the 
15 optical density measurements by means of the followxnc 
formula: 



(OD 

CPU/ml of enzyme solution = — 



20 CPU/g of enzyme preparation = CPU/ml: b 

wherexn 0 D t , OD b , OD^ and OD £ xs the optical densxty of the 
test solution, blank, serine standard, and buffer 
respectively, the concentration of serine xn'mg/ml in 

the standard, mk^ the molecular weight of serine. Q x^ the 
25 dilution factor ( m this instance equal to 8) for the enzyme 
solution, and t. is the incubation time in minutes 



OPA-hemoqlobin method 

Proteolytxc activity is determined with urea- 
denatured hemoglobin as the substrate. One Hemoglobin 
30 Protease Unit (HPU) is defined as the amount of enzyme 

liberating 1 millixnole of primary amino groups (determined by 
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comparison with - 

30 m «"tes at 25°c and p K 

A 2S (w/v) solution ot urea ri 
5 Perpared „i th 0 .2 « borate b„f f rea -° ena " r ^ hemoclobin i s 
Two ml of substrate ' adjUSted «*» PH 9 . 5 . 

— b at h for 10 minut ; s tr : t e 2 ;r ut ; on iE *» . 

containing b g/ml o£ m • ■ -1 o f snzyms £olut . on 

about 0.? . o.5 HPu/mi of h eP " ration - corresponding to 

10 incubation. t6 , lla „ °* b °" te b ^ ■ is added. 

i-c-mination of the rpa +• 

P-i-ry a mino grups by me ans of the oL" ^ ^"^^ »f 
as those described above for the 0PS "'^ th « ^ 

The CPA test is al ° PA -" s -in «thofi. 

standaro containing " ^ Perf «~< « ith a serine 

15 — - r^ris 1 ; i° n r - - — 

— -^rt^r;::-: rj; - - • ' 

y^A casein method. 



i. digested under standard condit, ° enatUred hen,oolobin 

n-c^obin is preo ipitated HTllZi ^ 

and the amount of TCA soluble orod < TCA) 
-oiin-ciocalteu phenol ^^J"""" " d «er mi ned with 

One Anson Unit (au) is 
under standard reaction oond ti ! "° Unt ° f Whi ^ 
an initial rate that ther^ ^ at such 

of TCA soluble product w hlch gi ^"T " »° u " 

Phenol reagent as one millie Same COl ° ur »ith 

The standard t ::; Vaie r tyr ° Ein6 - 

Temperature 2S . C: reactio „ ^f"" « «» — - 

For fu "her reference, see m'l » 
General Physiology vol . 22 . ' See M - L - Anson. Journal of 
Ciocalteu, The Journal J- J " 9 > • »• »-89, O. Polin and v _ 
PP. 627-636 Blol °^"l Chemistry vol. 73 
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Different values for proteolytic activity wi U 
invariably be obtained depending on the choice of analvtica] 
method. While the OPA-casein assay is convenient for 
monitoring proteolytic activity for laboratory and production 
5 purposes, it may be said that proteolytic activity towards a 
porphyrin containing substrate, such as hemoglobin, is more 
relevant for assessing the utility of a detergent protease 
because of the generally experienced difficulties with 
removal of stains from blood and chlorophyll. A hiah specific 
10- activity of a detergent protease towards porphyrin containing 
substrates is desirable. 



The protease preparation 

The Bacillus strains productive of the protease of 
this invention are cultivated under aerobic conditions m a 
15 nutrient medium containing assimilable carbon and nitrooen . 
. together with other essential nutrients, the medium being 
composed m accordance with the principles of the known art. 

Suitable carbon sources are carbohydrates, such as 
sucrose, glucose and starch, or carbohydrate containinc 
20 materials such as cereal grams, malt, rice and sorahum. 

Polysaccharides are usually at least partially converted into 
fermentable sugars by suitable hydrolyzing enzymes prior to 
the fermentation process. The carbohydrate concentration 
incorporated m the medium may vary widely, e.c. up to 25% 
25 and down to ] - 5%, but usually 5 - 15% will be suitable, the 
percentages being calculated as equivalents of glucose. 

The nitrogen source m the nutrient medium may be 
of inorganic and/or organic nature. Suitable inorganic 
nitrogen sources are nitrates and ammonium salts. Among the 
30 organic nitrogen sources quite a number are regularly used in 
fermentation processes involving the cultivation of bacteria. 
Illustrative examples are soybean meal, cotton seed meal, 
peanut meal, casein, com steep liquor, yeast extract, urea, 
and albumin. In addition, the nutrient medium should also 
35 contain the usual trace substances. 
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The optimum temoerature fnr ~>- 

' «■ s-™- — 

— -:r™ tl ^;.tr :r::r:; 0 ::: sodi ^ 

— * c 0nventional t£n ;;:; m :: t ;;i:r on 1S simil " to tha< 

b e pro dU cer:r r i::::r:r::: r i: 9 r: en r con — -* 

if oesxred, concentr-tion H -t«»l £rom th . broth 

" o, by reverse r ; n Lr aporation at iow 

the concentrate. P e " e ™atives may be added tc 

p-m- jsz :::ci; t ::::n:r b r be . p — - 

salts, such as Na ^ by P reci Pitat ion with 

*> « --.-01 « ^ -.r. "jv" 1 "- — • — 

suitable drvina m th rem ° V=1 of the water m the broth by 

crying methoas ^uch c^»-, j . 

employed. spray-drymg may also be 

The proteolytic activity of the protease 

s ::r^;;. so obt5lned - u - aiiy - «- »- 

Protease " ^t^L ^""""-"^ty -v.. o f 

2 The invention are shown an fig. 1 

2 t t r: :; eo was that p — * - > . 
o e X ce P t h :: PH de : r ::r d by the cpu raethoa — 
that o Ptlmum p„ " r re was chansee - The ■*>» 

50-60°C. minutes reaction is about 



and 
and 
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Purification of Constituent Proteases 

The first, second and third protease (hereinafter 
referred to as protease A, Protease B and protease C, 
respectively) may be separated and purified by separation 
5 techniques generally known by the skilled artisan. 

An initial purification of the crude protease may 
be effected by dissolution, e.g. in a suitable buffer, 
followed by protein precipitation, e.g. with a salt, such as 
CNH 4 ) 2 S0 4 , or a water-mi scibi e organic solvent, for example 
10 acetone . 

Further purification of the recovered precipitate 
is usually attained by chromatographic methods, for example 
including gel filtration in a buffer system as the initial 
step. Protease containing fractions of the eluate may be 
15 located by monitoring U.V. absorbancy and/or by determining 
• the protease activity. 

Following, gel filtration further purification is 
usually achieved by ion exchange ' chromatography , for example 
on a SEPHADEX® anion or cation exchanger, whereby at least 
20 partial resolution of the constituent proteases may be 
effected, by using suitable buf f er-salt-cradient systems. 
Rechromatography of peak material therefrom by means of the 
same or a different ion exchanger usually affords the 
protease species in a sufficiently pure state. If required, 
25 further purification of the individual proteases may be 

achieved by subjecting them to affinity chromatography, for 
example on a bacitracin column. 

Purification of the constituent proteases is 
conveniently monitored by gel electrophoresis, for example in 
30 a polyacrylamide gel (PAGE) with or without • sodium 
dodecylbenzenesulphonate ( SDS ) . Autodigest ion of the 
proteases may be prevented by active site blocking prior to 
electrophoresis, for example with pheny lmethylsulphonyl 
fluoride (PMSF) . 
35 SDS-PAGE and isoelectric focusing (IEF) in the 

presence of marker proteins are convenient means for 
molecular weight (MW) and isoelectric point (pi) 
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determinations, respectively Accords 

proteases A, B and C ACC ° rdl ^ to these methods, 

26.5 a nd 3l 0 kD and wei ghts of about 41 

5 specific activities per or I ^ Char5c teri 2e d bv 

270 HPU/o. " 9rCm ° f Pr ° tein ° f -bout 180 AU/c and 

Prot.„„ may be P r , ed fo r era a9ainEt " ch ° f th. purine 
« accordinc to the « J 1 " by '-"■'^ «bbi„ 

-nual of QuantL-t "y ». Axelsen „ _ 

quantitative Immunoelertronh 
Scientific Publications 197 Ph ° re£1£ ' BlacXwell 

—globulins may be " bt ^ d f ^ ^ " 
example by salt Dr l • ^ ant xsera, for 

P reci P"stion ((NH ] qo i * 
15 dialysis and ion cv ■ 4 2 S0 4 } ' followed by 

- s end ion exenange chromatoqr anhv o 
Sephadex. ^ogropny, e .g. on DEAE- 

-n, cor;::r;i: h c " rrr ization - ™ - 

««iy.i. (o. o uch tLi! Oucht « lon y *»bi.-«« u , ion 

2 o Imunole9y (D °r::: r ™ y /r B H rr ok of — 

— iectrophores",^ - * crossed 

and 4). et al " su Pra , chapters 3 

identity to protease A r t ' ^ b ° th ShoK »™' 

*H show immunochemical no! T" *' B ° °* the « v ^tion 

^aiine U^^T^Z ' - -e follo „in g known 



30 



Alcalase (product of Novo Industri 

from Bacill Us lichenifnr- ■ Denmark), derived 

the acTl^ m ^^' - h S ^"i.in Carlsberg £s 
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- Savinase and Esperase (products of Novo Industry A/£ ) 
prepared £rom alkalophilic Backus sp. according to U< 
3,723,250. 

- API-21 (U.S. patent 4,480,037). 

5 - The protease of Danish patent application No. DK 87/0544. 



Cleaning agent 

Cleaning agent according to the invention ic 
typically a laundry detergent m liquid or powder form. In 
_ the case of a liquid detergent, the stability of the orotease 
10 during storage may be unsatisfactory, and it is therefore 
preferred to include enzyme stabilizers in the formulation. 
Thus, the liquid formulation may include polyols such as 
1,2-propanedioi .(propylene glycol), topically 1 - 20%' 
Optionally, the formulation may include boric acid (or 
15 alternatively, boric oxide, borax or a borak ) , typically u P 
to 10%. a: so optionally, formate or a salt of other lower 
fatty acic may be included, e.g. in an amount up to 10%. The 
calcium content m the liquid detergent may be from 0.001 to 
0.1% (all %'es by weight). 



20 Example 3 

Protease prepara tion derived from strain NCIB 12289 

Cells of Bacillus strain NCIB 12289 were harvested 
after 2 days' incubation at 30°C from slants of TY-agar 
supplemented aseptically with 0.1 M carbonate buffer P H 9 0 
25 and 1% skim milk. The cells were transferred to 500 ml 

baffled shake flasks containing 100 ml BP-x medium + 0.1m 
carbonate buffer pH 9.0. 
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Medium BP-x.- 

potato starch 
barley fj our 
soy bean fi OUr 
Na-caseinate 
Na 2 HP0 4 -l2H 2 0 

PLUR0NIC TW 

tap water to 1 000 ml 
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100 c 
50 o 
20 c 
10 g 

9 9 
0.1 g 
0.1 c 



10 Th 

--n 9 30 -nu^r:i: h w :;:;;^ heated fr ™ — - 8SOC 
: r h - The mix — w^:r;; v n order to iiguef - ^ 

C ^ i0 ^-tes before t h :: e ° q : 1Ckly - *«Pt above 
is shake fla , k , and aut0cl£ :j-;- distributed lnto 

The inoculated shake fla \ &t l2i °C.' 

at 25 c c on a ro ** f as, £ were incubated for 

:° th (2 - 5 ^ 54 cPa/l/ a . ^ ^"Th. fermentation 

— ^ ?ed for 30 m inut e r a y t ea 40 D 0 y 0 the <>**-«..*„ method) 

concentration it wes ' R °. D — n, Denmark. After 

sodium borate DH q n Wlth 5 ' 0 1 of o 01 m , 

- «■ » ™ ".:■:„::,:;:;": 
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Example 2 

Separation of c onstituent proteases A^b and C 

Fermentation with NCIE 12289 was performed 
essentially as in Example 1. The culture broth (75 AU/kg) wa . 
5 purified through the following steps: 

- fiocculation 

- centrif ugation 

- evaporation 

- blank filtration 

10 " S£lt precipitation with Na SO 

, . , 2 4 

- reaissolution 

- blank filtration 

- sterile filtration 

- concentration by ultrafiltration and washing 
~ iyophilization 

-The iyophilized crude preparation (activity 15 3 
CPU/c or 24.5 AU/g ) was purified and separated into " ' 

constituent proteases by the following sequence of steps. 

1. Redissolution 

20 2 ' 5 9 ° f Protease was dissolved in 50 mi of the 

following buffer: 

dimethylglutaric acid 0.01 M 
boric acid 0.1 M 
calcium chloride 0.002 m 
sodium hydroxide to pH 7.0 

2. Centrif ugation 

The redissolved protease was centrifuqed at 18000 
rpm at 25 - 30°C for 20 minutes. 



25 
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The supernatant was filters 
type GF/F, 42 ml of clarlfi(M , ^ 0n Wh5tman glassfilter 

collected. clarifaea protease solution was 



5 ^^^llSIl^L^Ph^e^ 25 



medium 



~ « <= » C olu ra „ (5 C c ^ 1 x fl " 2 d ^ 3Se "^"on „ as appli C£ted 
bu«er used in step ^10 J f ^"^"^ with the 

flow rate of 3.3 m "^ r "\ f " etl °" ««e collected, wlth . 

-» Sepharose ^"o^ ^ » CM 

buffer used in step 2 Pro " * r ' """""^ "1th the 

»«hed out of the column with L ^ COl °" d SUb "— -re 
components were eluted wlt a T Th * -her 

of the same buffer. 10 m l f " V " 2 1 

20 flow rate of 3.3 ra l /mir collected, „ lth 5 

.-dient was started If^?™ 1 ""* UV " ab — ce. The 
fractions 5 - ,0 and 71 l 50 °" ^ ^'^ ing 

activity. The Drotea 150 " ere test ^ for protease 

P-Xs, L seer/l; *" ^ 3 distinctive 

25 ' " 

Fractions 9 - . . 

applicated activitv com P^s a ng 23 .1% of the 
ctivity, were poo i e d (Protease C ) 

Fractions 76 - qt 

applicated activitv COT >P"sing 25.3% of the 

jr: i;r ed and desi — — ». 

30 applicated activitv . comprising 23.7s of the 

"y. were pooled and designated Protease b. 
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^-^^Lshi^ column 

, h h , f ^ C ° 1Umn (1 - 6 cn0 * 12 C ^ was equilibrated with 
the bu.fer of step 1. The pool of fractions 9 - 25 were 
applicated on the column. The protease was eluted with the 
5 same buffer with added NaC3 (1 M) and isopropanol (25%). The 
flow rate was 5 ml/min. and the fraction size 10 ml. The 
elution diagram as shown in fig. 2 (OD at 280 run vs. time) 
Fractions 24 - 27 comprising 73% of the applicated protease 
activity, were pooled and designated Protease C. 



10 Example 3 

Protease pre par ation derived f rom strain Nr rnj^ 

The same procedure as in Example 1 above was 
followed for the cultivation of strain NGIE 12288 The 
fermentation broth (0.3 1, 35 CPU/1 ) gave 11.7 g of crude 
15 preparation with an activity of 0.39 CPU/c. y ie i d: 43 %. 

Example 4 

Protease pre paration derived from strain NCIB 12512 

The same procedure as in Example 1 above was 
followed for the cultivation of strain NCIE 12512 The 
0 fermentation broth (1.8 1, 30 CPU/1) gave 19.1 g of crude 
preparation with an activity of 1.0 CPU/g. Yield- ^5% 



WO 88/01293 

PCT/DK87/00101 

2 0 

Example 5 

Protease prepar^Hn, derived from c * 

ZVec from _£H£in_ NCIB 1251 3 

The same procedure as in Ex-mni. i ^ 
followed fnr , ■ i-xomple 1 above was 

f ° Und to ^ devoid of protease B. ' ^ and 

Example 6 

0 — «* r;::::x" c : with an activity - °- « - 

p tecSe <= na containino 1 75 Q/1 ^ 
Pciy phosphate (STPP)/i 0 Q/ , of ':. 9/1 ° f SoaiUm ^ri- 

9/1 of tetreacetvl ' h Perb -° rat e and 0 . 1 

C6tyi ethylenediamine ( TAED ) • •- 

30 minutes at 40° c and 50°C The re ,l «"*«ted for 

5 measured according to the opa cl ^ 

^ incubation at 250 \ meth ° d ' 

>- in tne absence nf <-*^ ■ 

^ ^ calculated as 100,. The re u t 
1* the following table: results are presented 



Protease 



ALCALASE 
ESPERASE 
SAVINASE 

Protease of Example 1 
Protease of Example 3 
Protease A of Example 2 



Percent residual activity 
after 30 minutes at 
. 40°C 



55 - 70 
55 - 65 
40 - 50 
90 - 100 
95 - 100 
91 
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Example 7 



Washing Tri al s, with Crude Pjr o 1 P^^ I1LIL2 ^ 

Washing tests were performed in a Terg-O- tcmete- 
(as described in Jav C Karri «n 0+ 
5 ,„ Hn i, " h ° rri s. Detergency Evaluation and 

Testrng , Interscience Publishers Ltd. (1954), p. 60-61)at 
an ag itatI rate of 1QQ rpm ^ ^ ^ ^ ^ ^ 

16 test fabr lc swatches, 5 cm x 10 cm (cotton soiled w.th 
blood mi i k and C5rbon hlack)f supplied by 

Matenalprufungs- unc Versuchsanstalt , Sankt Gallen 
SWlt26rland - ^ *°"°wing detergent compositions A and E 
were used in water of 9° German Hardness: 



V*±±I3ei±_A_(9/±l Detergent B (o /l 1 
- 0 - 1 0.1 

i- 2 ' 5 • 1.25 
0.25 



2.4 

none 



none 



0.25 
2.4 



1.0 
0.1 



LAS 
'Soap 
15 STPP 

Sodium silicate 
Sodium sulphate 
Sodium perborate 
TAED 

wherein 

Twi^o""" alkylSUlf ° nate ,NANSA 80£ < Produced by Albright 
STPP is sodium tripolyphosphate 
25 TAED is tetraacetylethylenediamine. 

The cloth to liquid ratio was 9 swatches per 900 ml 
of detergent solution. The detergent enzymes used were the 
enzyme preparation of Example 1 and ALCALASE protease, both 
at dosage levels of 0.05, 0.1 and 0.5 CPU/1. 
30 The "suits of duplicate washing tests with 

detergents A and B are shown in Eic. 5 and 6, respect a vely 
wherern the washing efficiency is expressed as medium values 



WO 88/01293 

PCT/DK87/00J01 



22 

of % Remission 



us in 



- « «e«ssi„„ as determined by M i« In „ t 
a ZEISS ELREFKO photometer at WoZ ™ ^ " * ~ 

the washing effect of the proteased th 
-sage levels of about 0 . 05 P ""J* \ hiE ~ion at 
5 the ALCALASE protease both i^ L. 2 ""'"** ^ °' 

presence (Detercent B, of \ (Det «9ent A, and 

eroent B) of perborate + taed. 

Example 8 

Washing trials ™ n *+k 

Lii£ij ^ ;ia -^S^iiH£nt_pr^ 

» 100 r P m ^'T^TloTZ'^-^ 3 — — - 

following deterapnt 
composition was used i n water of Qo _ ^ergent 
°utr ox y° German hardness: 

• LAS 
AE ' • 

Soap 

15 STPP 

Sodium silicate 
CMC 
EDTA ■ 

Sodium sulphate 
20 Sodium perborate 

TAED 
PK 



0 


.4 


<5/i 


0 


.15 




0 


.15 


g/3 


1 


.75 


g/i 


0 


.4 


g/j 


0 


05 


g/3 


0 


01 


g/a 


2 . 


J 


g/j 


1 . 


0 


g/i 


0. 


1 


g/i 


9 . 


5 





wherein 
LAS, 



2 s « ■ STPP TAED are as ln E ^">Ple 7 

ab Let;;: 1 ethoxylat * ,b - 01 »»• ~ ^ Beiol Kemi 
which was diiiLr^r-Lrr""" of white cott ° n 
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Clean swatches were immersed in spinach juice 
squeezed between two rollers and dried in a tumbler at 60°C 
This was repeated twice to obtain soiled swatches. 

The cloth to liquid ratio was 8 swatches (4 clean 
5 and 4 soiled) m 800 ml of detergent solution. Protease A, B 
and C from Example 2 were tested at dosaaes of 0.1, 0 5 and 
1.0 CPU/I. The results are shown in fig. 7 as %. Remission at 
460 ran versus protease dosage. 

The figure shows that all three constituent 
10 proteases have a good washing effect in detergent with 
perborate at 50°C. 
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founts ^ deter — S *»«l. t . d as £ollow . 

5 

Fraction^: ^ B1/2 C1 ' 2 Dl/2 

Water 

30 0/«.o 30.0/42.. 5 . 0/17 .„ ,„ 

lu -° 10.0 



10.0 



°-!0 n lfl 

DG 10 0.10 



0/5.0 



10.0 
0.10 
0.10 



Tri -sodium Citrate 5 0 

0 ; 5 .n :° 



0/5.0 0/5mQ 



" _ • Fraction II : 

15 0/12 

Ethanol. 96% 0/12 " 5 0/12 - 5 ' 0/12.5 

Oleic acid ' ? "° 7 -° 7.0 

20 LAS 

50.0 

10 N Na OH to P H: 

Water added to (q): inn /no - ' 9 '° 9 -° 

100/129., 100/129.7 10C/ 129 . 7 100/12 ^ 

f °r linear alkyl- ben2snB , 7 °' P rodu « of Shell), 

lor Sl co h oi y eh t t I e S ; E 1Ph °"" e <««" ""P.. -d AE 

AB, Sweden,. ln each c se • ' ° f ^ 

30 and II were mixed _ and «» ingredients in £ractlon , 

fraction I „ hile Etirrin f " Ctl ° n 11 »« «°a.d -lowly to 
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The water content -(including water contained in 
other ingredients) was about 41% w/w in all detergents. 

The following protease preparations were tested: 

- The lyophilized crude preparation of Example 2, dissolved 
: in a mixture of water and MPG (1:1 by weight) and diluted 
to an activity of 2.5 AU/g. 

Alcalase 2 . 5L (product of Novo Industri A/S, Denmark), a 
commercial liquid preparation of alkaline protease from 
Bacillus lichenif ormis . 

10 - Esperase 8.0L (product of Novo Industri A/S, Denmark), a 

commercial liquid preparation of alkaline Bacillus protease 
prepared according to US 3,723,250. 



The calcium content of each protease preparation 
was adjusted to 1.0% w/w (as Ca + + ) by addition of CaCl 

15 2H 2 0. in each experiment, 1% w/w of a protease preparation' 
(after Ca + adjustment) was added to one of the above 
detergents, the mixture was incubated at 50°C, and samples 
were taken after 0, 23, 47 and 134 hours incubation. The 
protease activity of each sample was determined, and the 

20 results are shown below, expressed as residual activity in % 
of initial activity (i.e. activity after 0 days). pH was 
measured after 0 and 134 hours. 
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0 h 



_ 234 i. 
Detergent ~T. ~ ~°Jl___l34 h 



5 ESP ERASE 9 -° 9.0 g. 0 

ALCALASE 9<0 — ' 9.0 9 . 0 

8 '9 9.0 



Detergent 
Ex. 2 



Detergent 
Ex. 2 
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10.0 



ESPERASE lQml 9 'I 9.9 9>e 



i0 ALCALASE n "« 7 9 -9 



10.1 9 £ 9 

y,t 9.9 



9.2 



ESPERASE o " 9.1 

9.2 

9.2 



9.8 



ESPERASE 9>2 Q '\^ 9.0 9>0 

ALCALASE 9 _ 2 9.0 9<0 



9.0 



Detergent DJ 
9.1 



9. 



9.2 9 2 9.0 

ALCALASE g>2 9.1 9 ^ 



9.1 



9.0 
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Detergent A j 

46 16 

5 ESP ERASE 3 2 J 



ALCALASE 


. < 1 


<: 1 


<1 


Detergent 








Ex. 2 




B . 






4 3 




12 


ESPERASE 


2 




* 1 


ALCALASE 


< 1 


' I 


C 1 


Detergent 




CJ 




Ex . 2 


36 


32 


16 


ESPERASE 




2 


21 


ALCALASE 


< a 


< 1 


< 1 


Detergent 




D] 




Ex . 2 


46 


37 


19 


ESPERASE 


Q 


5 


1 


ALCALASE 


<r i 


< 1 


< 1 



23 h 


47 h 


134 




A2 




102 


90 


86 


72 


77 


53 


I 


1 


CI 




B2 




91 


80 


5 5 


67 


70 


39 


< 1 


< 1 


<1 




C2 




89 


80 


66 


73 


72 


41. 


15 


13 


3 




D2 




92 


87 ' 


75 


90 


88 


66 


4 


4 


1 



u PH W3S nearl - V """ant " «H experiments. It is 
20 seen that protease of the invention a s ,ore stable than 
Esperase and Alcalase ln all the deteroent £ or Bu l atlon . 
tested. The results further show that borate and mpg are very 
effeotrve as stabilizers for protease of the invention lr , 
liquid detergents. 
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j ImtmtioMl Af,pli«tion He: K7l , 


HICROORCAKISMS ~| 

_ ~~»-*« „ ^ ^ 6 ^ in . B 


~*-i^-.^^^^ M1- , D . Bacillus sp.nov. 




National Collection of Industrial • , 

j-uuubcnai Bacteria (NCIB) 


* 7~ — ^ ~~ c^n^^ ■ .. . 

BacteJia H Ltd° n Torry 1 pIIea?ch°St Marine 


8 July 1986 (08.07.86) 


, ,, , ' 1 r, i n on™, 
NCIB 12288 


P^TL^^ 

nism will be made avaJTabL un ^° S ^ ^roorga- 
mention of the grant of tht eut™ Publication of the 
oate on which .the application ° r Until 
drawn or is deemed ?S be wi^hd^awn i re f Used or ^ith- 
such a -sample to an exoer? n«? ' J ° nly by the is " £ ue of 
questing tL sample, ^TeIc^ ^ Per£ ° n 

C ,„ >H.CH- WP , C , Tto „ J|u , AMMHt>t< ^j ^_ 




ft. m>^>ati rui»m.H,> t e > ttBiMTiomn,,^,,,,^; . 



• □ TK.. .: 



~W fU k. ch»c».e b, IN. 
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lM*rr*tenat AppHcrber Me: PCI I 



MICROORCAKISMS 



A- IMmfHITXIl •* M»>C»IT • " 

«Qi Bacillus sp.nov. 



Nationa] Collection of Industrial Bacteria (NCIB) 



c/o the National Collection of Industrial and Marine 
Bacteria Ltd. Torry Research Station, P.O. Box 31, 



8 July 1986 (08.07.86) 



NCIB 12289 



In respect of those designations in which a European 
patent is sought, a sample of the deposited microoraa- 
nism wall be made available until the publication of the 
mention of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to" be withdrawn, only by the issue of 
such a sample to an expert nominated by the person re- 
questing the sample. (Rule 28(4) EPC ) . 



C. Nlltl.nt «T*Tt» >C» »M.CH •»DIC*Tie»» AtU »«DI . (tl ». M m. ft 



. MP1UT1 rvftMIBMIftC Of l»D4C«T»ena • 



BNSDOCID: <W0_ 8B01293A1J. 



WO 88/01293 



PCT/DK87/00101 




National Collection of Industrial Bacteria ( 



NC1B) 



5 August 1987 ( 05.08.87 



NCIB 12512 



nisn, will be L^?^ deposited ml 

crooraa- 

mention of the grant of thl Eu^ publicsti °n of the 

date on which the app?f C a?Ln S? Pat6nt ° r unt ^ thl 
dxawn or is deemed e ^ been refused or with- 

such a sample to an expert n^ .' J ° nly by the i£ sue of 
questing the sanpl^g^ ^T^,^ the "-° f 



(Rule 28(4) EPC) . 

MBitfcAnc STATU 



□ TIM M, * ^ ^ ^ ^ 
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i «»'m«»m) A^plle**er He: 





*»CAOOAGANIS*S 


»<rTVK~«TK» •>* M>>e»>r • 

^ „ ^ ^ q, Bacillus sp.nov. 


»-~*~~~>*— « • 

National Collection of Industrial Bacteria (NCIB) 


^i 0 "^ 1 Collection of Industrial and Marine 
J f"" Ltd - Tor ry Research Station, P.O. Box 31, 


5 August 1987 (05.08.87) NCIB 12513 




In respect of those designations in which a European 
patent as sought, a sample of the deposited microorga- 
nism will be made available until the publication of the 
mention of the grant of the European patent or until the 
date on which the application has been refused or with- 
drawn or is deemed to.be withdrawn, only by the i-ssue of 
such -a sample to an expert nominated by the person re- 
questing the sample. (Rule 28(4) EPC). 


C. MlltlATlC IT ATtS »Oft WM.C* «B.c*TK>*» » ftl mAM • m mmumm^, ^ mm *~ - 












fa 
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Defined by the strains NCIE 125« R Bacillus species 

5 Valine protease ret , n ^ IE " S " ««> «CIB 12289 which 

C».i„ Protege „ Bit ^ ""^ — ^ 

' <=iter 30 minutes at r^w o c 
solution of 1 75 a/1 „ + J . s at P H 9 -5 m a 

,n of s 0d i Um - P : r :: 5 :: r 0 ~ hospate ,stppk io 
» ^^:t:oT":~ : C T " D, of at ^ •» - - « 

9 a 6 of sod ^ Perborate and TAED 

* activit \ c p ;r:r e preparation « — t ?r ■ 
-^ocLaL L;: t ; c r;rr nt protease a which i£ 

» Position of peal A in ! 0^""" """"" * ^ 

has the foilowin, I" : ^ •««P»«yi»g drawino, and 



•»« the following additional chara «.* a 1 , 
weight of- about 41 5 k n -„ • , eristlCE - * molecular 
■ specific activity of at let^n ^ ^ ° f 

He^oclobin Protege on t ^ ^ ^ 250 

« of protein, and " ' ^ — ively, per g , 

(STPF, 1.75 g/1, « ° ^ °' ■° ai ™ '"Polyphosphate 

S/ >' Eod " m Perborate (1.0 g/1, and 
tetraacetylethyieneoia^ne ( TAED , 0.1 g/1) ' " . 
and 60% of te m peratures of „-c and 50'c " ^ 

30 balance of 4 ^ r «::"" c ! r,P " rati0n °* ^ 2 ' ^-in the 

— . b , d p c ^T^^rrrj-is; by 

3s *, by lsoelectric ^r^r irr r 5 and 3i -° 

' bUt dlfferent f rom said protease A. 
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5. A protease preparation comprising essentially 
said protease B. 

6. A protease preparation comprising essentially 
said protease C. 

5 7. A method for producing a protease preparation, 

which process is characterized by cultivating a strain of the 
novel Bacillus species defined by the strains NCIB 12288 and 
NCIE 12289 under aerobic conditions in a nutrient mediurr, 
containing assimilable sources of carbon, nitrogen, and 
10- phosphorus, preferably followed by recovery of the protease 
preparation from the fermentation broth. 

8. The method of claim 7, wherein the fermentation 
is conducted with a strain of the Bacillus species defined 
above, which strain is mutated so as to essentially block its 

15 capability of synthesizing one or two of the constituent 

proteases whilst maintaining its capability of producing the 
remaining constituent protease or proteases. 

9. .The method of claim 7 r wherein the fermentation 
is conducted with a Bacillus strain selected from the group 

20 consisting of NCIB 1228S, NCIB 12289, JP 75 and JP 170. 

10. A cleaning agent containing an effective 
amount, preferably at least 0.1 AU , more preferred from 0.5 
to 10 AU, of the protease preparation of any one of the 
claims 1 to 6 and/or protease preparation produced by the 

25 method of any one of the claims 7 to 9 . 
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u ie.fi 2e.e 46,e 



Time, minutes 



Fig. 2 
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Fig, 3 
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Fig. 
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Fig, 5 
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Fig. 6 
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